One contribution of 9 to a Theo Murphy meeting issue 'Higgs cosmology' . The Standard Model electroweak (EW) vacuum, in the absence of new physics below the Planck scale, lies very close to the boundary between stability and metastability, with the last option being the most probable. Several cosmological implications of this socalled 'near-criticality' are discussed. In the metastable vacuum case, the main challenges that the survival of the EW vacuum faces during the evolution of the Universe are analysed. In the stable vacuum case, the possibility of implementing Higgs inflation is critically examined.
Status circa 2017
The most important experimental result from the Large Hadron Collider (LHC) so far has been the discovery of the Higgs boson, with mass M H 125 GeV [1, 2] , and properties compatible within errors with those expected for the Standard Model (SM), although there is room for some future deviation [3] . Rather unexpectedly, the discovery of this light scalar has not been accompanied by other states expected in most solutions of the hierarchy problem that afflicts the breaking of the electroweak (EW) symmetry. Currently there is no trace of such physics beyond the SM (BSM), with bounds on the mass scale of various BSM scenarios, supersymmetric or not, monotonically increasing and now of order of a few TeV [3] .
Facing this situation, those willing to hold on to the paradigm of naturalness still expect that BSM physics should be around the corner, perhaps in the reach of the LHC. But there is growing concern that the hierarchy problem might have misled us. In this review I therefore It is a non-trivial fact that the SM can be extrapolated up in energy in the huge range from M t to M Pl in a consistent manner, e.g. without any of the couplings hitting a Landau pole. Nevertheless, the extrapolated Higgs quartic coupling has an interesting behaviour [4] [5] [6] [7] [8] [9] [10] : due to one-loop corrections from the heavy top, its beta function is large and negative and this drives it to negative values at around Λ I ∼ 10 10 GeV. 1 This running coupling is shown in figure 1a , with the bands illustrating the impact of experimental errors in the top mass, the Higgs mass and the strong coupling, as indicated.
The problem with a negative λ is that it leads to an instability of the Higgs potential. Indeed, to approximate well the full potential at a field value h, one should evaluate the couplings at a renormalization scale μ ∼ h. Then, at h M t , the potential is dominated by the quartic term V(h M t ) ( 1 4 )λ(μ = h)h 4 , and for λ(h) < 0 it is deeper than the EW vacuum, as shown in figure 1b. Such instability, due to heavy fermions coupled to light scalars, has been known for a long time and was investigated for years in the SM [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . With the impending discovery of the Higgs boson with mass in a very special range for the stability of the potential, it became necessary to increase the precision up to the next-to-next-to leading (NNLO) log level to discern whether the SM potential was or not stable up to the Planck scale (see e.g. [25] for a comparison of the stability diagram at different levels of precision).
Within the current precision in the experimental determination of the three main parameters relevant for the stability of the potential, (the Higgs mass M h = 125.09 ± 0.24 GeV [26] (which fixes the size of λ), the top mass M t = 173.34 ± 0.76 GeV [27] (which determines the size of β λ = dλ/d log μ), the strong coupling constant α s = 0.1181 ± 0.0011 [28] (which affects the size of the running top Yukawa coupling)] and the NNLO theoretical calculation of the stability bound, the situation is the one in figure 2. This figure shows the different regions in the (M h , M t ) plane concerning the structure of the Higgs potential: stable (up to M Pl ) in the green area and unstable Figure 2 . Different regions in the (M h , M t ) plane concerning the structure of the Higgs potential at high field values: stable (up to M Pl ) in the green area; unstable in the yellow (red) areas above, with a lifetime of the EW vacuum longer (shorter) than the age of the Universe. In the sideband red region labelled 'non-perturbativity' in (a), the running λ hits a Landau pole below M Pl . Also shown are the 1-3 σ experimental ellipses, with M h = 125.15 ± 0.4 GeV and M t = 173.34 ± 0.76 ± 0.3 GeV. (a) From Degrassi et al. [4] and the (b) zoomed version from Buttazz et al. [5] . (Online version in colour.) in the yellow and red areas above (to be discussed in more detail in the next sections). 2 The red dashed lines in figure 2b give contour lines of the instability scale Λ I in GeV. 3 Also shown are the 1-3 σ experimental ellipses for the measured M h and M t , strikingly close to the line of stability; see zoomed-in figure 2b. One concludes [4, 5] that (assuming the absence of interfering BSM physics) the EW vacuum would most probably be metastable, but with absolute stability excluded only at the 2-3 σ level, 4 a result dubbed near-criticality. Figure 3 shows the SM 'phase diagram' with different experimental ellipses: for different measurements of M t , from ATLAS, CMS and the Tevatron (figure 3a), and for different combinations with updated data (figure 3b). Although the most realistic determination of the error in M t is still under debate (see e.g. [39] for a review on the issues of the top mass determination), it will not change the nearcriticality.
Obviously, BSM physics can interfere with the running of the Higgs quartic coupling, disrupting the near-criticality shown in figure 2. This can happen even if the BSM physics is much heavier that the instability scale, provided the effect it has on the potential is to make it more unstable (pushing down the stability line in figure 2) . A well-motivated example of this effect is heavy right-handed seesaw neutrinos with sizeable Yukawa couplings [7] ; a less motivated example that has been widely discussed in the literature [40] [41] [42] [43] is that Planckian physics might introduce additional sources of potential destabilization. (For a more detailed discussion of this; see [44] .) In this respect, the hint of near-criticality might be compared with the hint of gauge coupling unification: both are easy to disrupt by new physics thresholds (in which case they are simply coincidences) but might be real hints pointing to some deeper and more fundamental theory.
This intriguing near-criticality has led to many theoretical speculations about its significance [5, 10, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . Is somehow λ(M Pl ) 0 connected to the fact that we also are very close to the phase 2 In the red region labelled 'non-perturbativity' the running λ hits a Landau pole below M Pl . 3 For discussions on the gauge dependence of Λ I and how to satisfactorily deal with it; see [29] [30] [31] [32] [33] . 4 In [10] , this number is reduced to approximately 1.3 σ . However, comparison between the NNLO stability line of [4, 5] and the refined result of [10] shows nearly perfect agreement. The discrepancy is simply due to the different choice of mass parameters in [10] , namely M t = 173.21 ± 0.87 GeV and, especially, M h = 125.7 ± 0.4 GeV (figure 3b). Pl ∼ 0. From this point of view, it seems that the Higgs potential has a remarkable behaviour at the Planck scale, with λ and m 2 being both very small. Moreover, also β λ has a special value 0 not very far from M Pl . Is there a deep reason why EW parameters take such intriguing values at M Pl , a scale related to gravitational physics rather than to EW physics? It is fair to say that no compelling theoretical explanation has been advanced so far. Figure 2 sets the stage for the rest of this review, in which we will concern ourselves with the cosmological implications of this Higgs near-criticality. In the first part of the review, we consider the (preferred) case in which the EW vacuum is in the metastability region. We should then worry about its fate during cosmological evolution and we discuss in the following sections EW vacuum decay via quantum tunnelling through the barrier that separates our vacuum from the deeper high field region beyond Λ I ; decay by thermal fluctuations over that barrier; decay triggered during inflation; and finally decay right after inflation, in the preheating era. 5 In the second part of the review, we consider the (less likely) possibility that the EW vacuum is in fact stable, case in which one can entertain the idea that the Higgs might be responsible for inflation [62] [63] [64] [65] [66] . In my discussion I will present a critical view on this very appealing idea.
Decay by quantum tunnelling
The decay rate of the metastable EW vacuum (per unit time and unit volume) can be calculated semiclassically: it is ∼ h 4 I exp(−S 4 ), where h I is the field value in the unstable region towards which the vacuum decays (Λ I h I M Pl ), and S 4 is the action of the four-dimensional Euclidean bounce solution that interpolates between the EW vacuum and the new phase at high field values. One gets S 4 −8π 2 /(3|λ(h I )|), which shows the usual non-perturbative dependence on the inverse of the coupling constant. The logarithmic dependence of the running λ(h) breaks the scale invariance of the classical potential at high field values, so that tunnelling events occur preferentially towards the scale h I at which λ(h) has minimum value (that is, for which β λ = 0) [67, 68] . The numerical estimate gives dp/(dV dt) ∼ h 4 I exp[−2600/(|λ|/0.01)]. The previous rate should be multiplied by the space-time volume in our past light-cone: ∼ τ 4 U ∼ (e 140 /M Pl ) 4 , with τ U the age of the Universe. For the measured Higgs mass, λ(h I ) ∼ −0.01, and the exponential suppression of the decay rate wins over the large volume factor resulting in a decay probability that is extremely small (figure 4a). Alternatively, the EW vacuum lifetime τ EW is extremely long, much larger than the age of the Universe (figure 4b). 6 This reassuring conclusion would have been different if the Higgs were lighter or the top mass heavier, resulting in a stronger potential instability with a probability of decay of order one. This happens in the red region labelled 'instability' in figure 2 which is defined by the condition that the vacuum lifetime τ EW is smaller than τ U . The main conclusion we can extract from this analysis is that, even though we might be living in a metastable vacuum, this cannot be used as an argument for the need of BSM physics: the SM model is consistent and the decay time is so large that the EW vacuum survival does not pose a problem, at least with respect to decay via quantum tunnelling.
Decay by thermal fluctuations
Apart from the danger of decay by quantum tunnelling, during the hot early Universe era a metastable EW vacuum risks decay by thermal fluctuations (with h 2 ∼ T 2 ) that can excite the field over the barrier that separates it from the unstable region of the potential [7, [74] [75] [76] [77] [78] if the temperature is larger than the instability scale, T Λ I . The condition that the EW vacuum survives those high-temperature stages of the early Universe evolution can therefore be translated into an upper bound on the reheating temperature T RH after inflation, which would be of cosmological interest.
However, thermal corrections also have an impact on the shape of the potential, tending to stabilize the symmetric phase, as illustrated by figure 5a. Once this symmetry-restoration effect is taken into account, it turns out that for the preferred current values of the Higgs and top masses, the EW vacuum is safe in such a thermal environment [7, [76] [77] [78] . The general situation is shown in figure 5b, which compares the thermal stability lines, for different reheating temperatures, with the absolute stability line and the line for sufficiently slow (T = 0) quantum decay. No bound on T RH can therefore be obtained, at least for the experimentally preferred values of M h and M t .
Decay during inflation
The inflationary period (invoked to solve in a simple and elegant way many cosmological problems as well as to explain the origin of structure) also threatens the survival of the EW vacuum. If the Higgs is light during inflation, it will experience fluctuations proportional to the Hubble rate during inflation, H I , with
with N e the number of e-folds. If H I is large enough one can reach h 2 > Λ I and trigger vacuum decay. By requiring that the EW vacuum survive such an inflationary period, one can obtain an upper bound on H I [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] .
One can keep track of the fluctuations of the Higgs field during inflation by solving a Langevin equation 7 dh dN e + 1
where η is a Gaussian random noise term with η(N e )η(N e ) = [H I /(2π )] 2 δ(N e − N e ), while the term (dV/dh)/(3H 2 I ) corresponds to classical slow-roll evolution. The classical displacement of the field in one Hubble time from this term is ( h) cl ∼ (dV/dh)/H 2 I . The noise term gives inflationary quantum jumps of the field, with ( h) q ∼ H I , in one Hubble time.
The evolution of the Higgs field is illustrated in figure 6 . At the beginning of inflation (N e = 0) the Higgs configuration is assumed to be at the EW vacuum, as shown by the delta function in figure 6a (with the Higgs field normalized to h max , the field value at the barrier maximum, the EW vacuum lies very close to the origin). During inflation, the Higgs evolves as a combination of a random walk with steps of size ( h) q on top of slow-roll on the potential V(h). This is a stochastic rsta.royalsocietypublishing.org Phil. Trans and describes the same physical process as the Langevin equation. The first term in the RHS corresponds to the effect of quantum jumps, while the second corresponds to classical roll. Referring back to the example of figure 6 , the probability distribution function that solves the Fokker-Planck equation in the example is shown by the black dashed line in figure 6b, which fits well the histogram obtained by the Langevin trials.
One can distinguish several field ranges of interest for the evolution of the Higgs value during inflation, as shown in figure 7a . The green range is in the basin of attraction of the EW vacuum: a safe place to end up after inflation. The yellow range corresponds to the range from the barrier maximum up to a critical point h c beyond which classical roll beats quantum fluctuations. During inflation, a Higgs field value in this yellow region can still be pushed uphill to the safe green region by quantum inflationary jumps. The end point of this region is the critical value h c ∼ H I [3/(2π |λ|)] 1/3 , defined by ( h) cl = ( h) q . In the red region beyond h c , the field rolls down the potential in spite of possible quantum jumps uphill. In principle, slow-roll is maintained even in that red region, but eventually another critical value is reached, h c ∼ H I [3/|λ|] 1/2 , at which slowroll breaks down [90] [91] [92] . Figure 7b gives the probability of finding the Higgs field value beyond the barrier (higher curve) or beyond h c (lower curve) as increasing functions of the Hubble rate during inflation, H I . Such curves can then be used to set an upper bound on H I .
Using the conditions P(h > h max ), P(h > h c ) < e −3N e , to guarantee the small probability of dangerously large Higgs field values in all e 3N e Hubble patches in our past light-cone, Espinosa et al. [78] that the spatial correlation length of the Higgs field across different Hubble patches can be exponentially larger than 1/H I [93, 94] , the previous conservative bounds can be relaxed one order of magnitude [33] 
, corresponding to the conditions P(h > h max ), P(h > h c ) < O(1).
The bounds on H I just discussed could be evaded easily as the previous discussion assumed that the Higgs was light during inflation and this might not be the case. For instance, if the Higgs has a non-minimal coupling to the curvature scalar, −ξ |H| 2 R, this term will produce an effective Higgs mass during inflation, m 2 H = −12ξ H 2 I , as during that epoch R = −12H 2 I . For ξ < 0, this effective mass is positive and can stabilize the EW vacuum during inflation (figure 8a). Moreover, if ξ < − 3 16 , Higgs fluctuations during inflation will be suppressed altogether. An alternative, similar way to evade the previous bounds on H I is to couple the Higgs field to the inflaton field φ, with δV(H, φ) = cφ 2 |H| 2 , a term that also gives an effective mass to the Higgs during inflation. The general picture for non-zero ξ coupling is shown in figure 8b , which uses the same colour coding of previous discussions, and illustrates how a negative ξ can relax or eliminate the bound on H I .
The bounds on H I we have just derived can be translated into upper bounds on the tensor-toscalar ratio r by using the relation H I 8 √ r/0.1 × 10 13 GeV. The result, as a function of ξ , is given in figure 9 , which clearly shows a very strong sensitivity to the value of the top mass (which determines the scale of instability). 
Decay right after inflation

At the end of inflation different Hubble patches have different values of the Higgs field, according
to the probability distribution function we have discussed in the previous section, and that the Higgs field value determines their fate. Patches that lie in the safe region of the potential, shown in green in figure 7a, will eventually end up in the EW vacuum. The fate of the patches in the other regions depends on the details of the preheating and reheating periods after inflation. Patches in the yellow (and even in the red) regions can still be rescued by thermal effects that tend to stabilize the potential, provided a sufficiently large reheating temperature T RH is reached fast enough. This thermal rescue can therefore relax the bounds on the Huble rate derived in the previous section, as shown in figure 10 , for two different values of the instability scale, as measured by h max .
The fate of the different Hubble patches becomes even more interesting if the Higgs field has a non-zero coupling ξ to gravity or couples directly to the inflaton field through c|H| 2 φ 2 , as discussed in the previous section as a way of relaxing the bounds on H I . During preheating, such couplings can in fact destabilize the Higgs potential (even in those patches that lie in the safe region of the potential). The reason is that, when the inflaton field oscillates around its minimum, those oscillations lead to an oscillating (or tachyonic) mass term for the Higgs field and this can induce parametric (or tachyonic) resonant production of Higgses that build up a classical field value that grows with H I . Once again, if H I is comparable or larger than the instability scale, this triggers vacuum decay. As a result, only a range of values of the coupling ξ or c might be allowed. For more details about this interesting physics, see [95] [96] [97] [98] [99] [100] [101] [102] [103] .
Higgs inflation?
If it were the case that the Higgs potential is stable up to the Planck scale (although this seems less likely with current data), one can entertain the very attractive possibility, put forward in [62] [63] [64] , that the Higgs might be responsible for cosmological inflation [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] [116] [117] [118] [119] [120] [121] . (For earlier work in this direction [122, 123] .) The idea hinges on the same coupling ξ between the Higgs field and the gravitational curvature scalar that we have discussed already in previous sections. That is, the rsta.royalsocietypublishing.org Phil. Trans However, the ξ term can become quite relevant at very large values of the Higgs field. The most transparent way to see this effect is to make a rescaling of the metric, g
, where the superindex J (E) labels the two 'frames': the original Jordan frame (with a field-dependent Planck mass) and the Einstein frame, which as we will see below, has a fieldindependent Planck mass. Under the rescaling of the metric, calling e σ = 1 + ξ h 2 /m 2 P , different terms in the action transform as
Putting all pieces together, one ends up with an Einstein-frame action of the form
where V SM (h) is the Jordan-frame Higgs potential, V(h) = −m 2 h 2 /2 + λh 4 /4 (we have already focused on the real and neutral part h of the Higgs doublet) and the ellipsis stands for the rest of the SM Lagrangian, which will now have e σ terms. Note that e σ in the metric rescaling has been chosen precisely to end up with a field-independent Planck scale and no coupling of the Higgs to R in the Einstein frame. The price to pay for this, which greatly simplifies the analysis of inflation in the Einstein frame, is having to deal with a Higgs scalar that, although minimally coupled to gravity, has more complicated interactions with the rest of the SM fields and with itself. Let us look at the potential in the Einstein frame,
which displays a very interesting behaviour. This is plotted in figure 11 , which compares the Higgs potentials in both frames. As both the numerator and denominator in (6.4) grow like h 4 at large field values, the Einstein potential develops a plateau with V E λm 4 P /(4ξ 2 ). One can read the scale beyond which the plateau forms directly from (6.4) 
clear that having a positive λ at the high scale Λ Inf is required for successful inflation: if the SM potential is destabilized at (or below) Λ Inf , the flattening produced by ξ will not help in building an inflationary plateau, and that is the ultimate reason why, within the SM with no additional ingredients, Higgs inflation requires that we live in the stability region of parameter space. Assuming that this is the case, we see from figure 11 that such a plateau looks very promising for inflation and in fact one gets a very constrained slow-roll inflationary model with a single adjustable parameter, ξ . In fact, ξ is fixed to be ξ 10 3 , 10 4 in order to get the right amount of scalar perturbations, as determined already by COBE. Once ξ is fixed, one can predict other inflationary parameters [62] [63] [64] 112, 126] , like the tensor-to-scalar ratio r 0.003 and the scalar spectral index, n s 0.965. These predictions fit remarkably well with the constraints from Planck 2015 and BICEP2 data, shown in figure 11b .
However, on closer inspection there are a number of problems with this scenario and the situation is less promising that this successful prediction seems to imply. To discuss them, let us look first in more detail at the kinetic term in the Einstein frame action of equation (6.3):
This looks rather complicated, but can be simply made canonical by redefining the scalar field so that δL K = (∂χ) 2 /2, with the canonical field χ being related to h by the differential equation dχ/dh = K(h). The function χ (h) relating these two fields is as shown in figure 12 . We see, either from figure 12 or directly from the analytical expression in equation (6.5) , the emergence of a new scale, m P /ξ , parametrically smaller than Λ Inf , as ξ 1. Below this scale the effect of the ξ coupling is irrelevant and χ ∼ h, while above m P /ξ the two fields are different. This means that the couplings of χ deviate from those of the SM Higgs field. In particular, all couplings of χ in the plateau region go to zero. The Einstein frame potential in terms of the canonical field χ is shown, in a log-log plot, in figure 12b . The approximate field dependence of the potential in the three different field regimes determined by the two mass scales (h = m P /ξ and h = Λ Inf = m P / √ ξ corresponding to χ = m P /ξ and χ = m P ) is also indicated. Notice in particular that the plateau is exponentially flat. In that field regime, as we have already remarked, all couplings of χ are exponentially suppressed so that the theory flows to a Higgsless SM. Higher-order radiative corrections to this potential have received much attention [113] [114] [115] [116] 127] and a proper calculation must deal with the complication that the theory is in fact non-renormalizable, as we discuss next. Like any other non-renormalizable effective theory, the SM with a non-minimally coupled Higgs scalar (in Jordan-frame language) comes equipped with a cut-off scale Λ beyond which the effective theory (EFT) description breaks down. A simple way to find out what is the cut-off Λ is to analyse what is the smallest scale that suppresses the non-renormalizable operators of the theory. We can carry out this exercise first in the Jordan frame. We write the metric as g μν = η μν + γ μν /m P , where η μν is the Minkowski metric and γ μν is the graviton field (normalized by m P so that it has a canonical kinetic term). If we plug this metric in the Jordan-frame Lagrangian, we obtain a tower of operators from the non-minimal coupling term
The first term in the expansion is a dimension-five operator suppressed by the scale Λ = m P /ξ , which we identify as the cut-off of the effective theory [117] [118] [119] . 8 The same scale appears if we perform the operator analysis in the Einstein frame. We arrive at the same value for Λ by looking now at the non-renormalizable terms in equation (6.5) . Expanding in powers of h/m P , we get again an infinite series of non-renormalizable operators:
which includes, as shown, a dimension-six operator suppressed by the same cut-off scale [117] [118] [119] . If one uses instead the canonical field χ for the analysis, the same scale Λ appears via the relation between h and χ and propagates to other terms in the Lagrangian for χ . 9 The trouble with this result is that the cut-off scale obtained is smaller than the scale at which the plateau develops: 8) so that the very existence of the plateau is questionable as it appears beyond the range of validity of the effective theory. This conclusion was challenged in [112, 126] on the basis that the previous analysis is done expanding the non-renormalizable operators around the low-energy EW vacuum. If one performs the expansion around larger values of the Higgs field (like those achieved during inflation), the resulting tower of operators are supressed by field-dependent cutoffs that can be generically larger than Λ or even Λ Infl , thus saving the day for Higgs inflation.
The trouble with this line of argument is that the conclusion we arrived at, by performing the expansion in the controlled setting of the EW vacuum (in which the effective theory is under control from the start), cannot be changed by choosing a different field background. Once we derive that the EFT breaks down at Λ we must accept that either new degrees of freedom become relevant at that scale (or below it) or that the theory enters a strong coupling regime beyond that point. Both options are threatening for any prediction we might derive concerning the shape of the effective potential beyond Λ. One could still argue that there is nothing pathological in a field-dependent cut-off, which is certainly correct. It is rather simple to imagine new degrees of freedom that have squared masses of the form M 2 = Λ 2 + κh 2 . If one integrates them out, the low-energy EFT will have operators suppressed by a field-dependent cut-off Λ 2 + κh 2 . However, if in such a scenario, one needs to calculate the potential at h > Λ, and then knowledge about the new degrees of freedom is mandatory: they start to be relevant for the potential already at the scale Λ, not at (Λ 2 + κh 2 ) 1/2 .
This low-cut-off problem of Higgs inflation is a serious one that has not been solved. Any imaginable solution would require showing that new physics at Λ (either new perturbative degrees of freedom or a strong coupling regime) does not affect the predictions of Higgs inflation that are obtained by ignoring the unitarity problem. 10 That result seems hardly possible given the fact that whatever new physics shows up at (or below) Λ, it must be coupled to the Higgs if it is to fix the unitarity problem. In fact, this way of looking at the problem sheds some light on the ultimate reason for the unitarity loss. In the original Higgs inflation proposal the Higgs plays two different roles: unitarizing (and Higgsing) the SM, (for which we know that the Higgs couplings must be precisely those of the SM Higgs) and inflating. The first task works well in the low-energy regime, where the couplings of the Higgs are SM-like, but fails beyond Λ, when the couplings of χ are no longer the SM ones. The second task works well in the plateau, precisely because the couplings of χ are exponentially suppressed there. This deformation of the Higgs couplings from their SM values to zero in going from low energy to the plateau is the ultimate cause of the unitarity breakdown of the EFT [119, 129] 
Based on the arguments above and on previous attempts at fixing this unitarity problem, one can formulate a sort of no-go conjecture for Higgs inflation [129] :
Any UV completion of Higgs inflation that restores unitarity up to the Planck scale requires introducing a scalar field φ (or some other additional degree of freedom) that ends up being the inflaton field.
In such UV completions, one ends up with an inflationary model that can no longer be properly called Higgs inflation any more. The two existing UV completions that solve the unitarity problem, in [129, 130] , conform to this pattern: both of them introduce scalar singlets that play the role of inflaton instead of the Higgs (which then is free to take care of unitarization). Attempts at obtaining the Higgs inflation EFT by integrating out heavy fermion or gauge fields (to avoid the introduction of a scalar inflaton) fail to generate a sizeable non-minimal coupling ξ .
Conclusion
A potentially long-lasting legacy of the first LHC run is the discovery of the possible nearcriticality of the Higgs boson mass: we seem to be living in a very special region of parameter space, very close to the boundary between stability and metastability of the EW vacuum (figure 2), that can be linked to the special behaviour of the Higgs quartic near the Planck scale.
However, jumping to such a conclusion requires a huge assumption: that no new physics BSM interferes significantly with the running of the SM couplings up to the Planck scale. Still, the hint is as intriguing as the hint for the possible unification of the three gauge couplings of the SM. Is there a deep reason for this special form of the Higgs potential at the Planck scale? Is there some profound theoretical reason for near-criticality that could be as appealing as Grand Unification Theories (GUTs) are for the near-unification of gauge couplings?
Besides this clear theoretical interest, the physics associated with a metastable EW vacuum is fascinating and has far-reaching consequences for the cosmological evolution of our Universe. This is a lively field that touches upon inflationary dynamics, preheating physics, the interplay between the Higgs and observables of cosmological interest like the tensor-to-scalar ratio, Higgs inflation, etc. a long list of topics still under development. In spite of this undeniable richness, a word of warning is in order: when thinking on this scenario of Higgs near-criticality, we should keep in mind that we have no smoking-gun signature (like proton decay for the GUT case) that would offer a definite test that EW vacuum metastability is actually realized in nature (with the exception of vacuum decay itself. . .). 
